The formation and the structure of [(CO) 4 Mo(Et 4 Sb 2 )] 2 (1) and of a complex with distibane and distibane oxide ligands (2) are reported.
Introduction
Distibanes, R 4 Sb 2 , and distibane oxides, R 4 Sb 2 O, have been used as monodentate or bidentate bridging antimony ligands [1] . Previous work has shown that cyclic complexes of the types [(CO) 4 M(R 4 Sb 2 )] 2 (M = Cr, R = Me [2] ) and [(CO) 4 M(R 4 Sb 2 O)] 2 (M = Cr, R = Me [3] , Ph [4] ) are formed, when two distibane or distibane oxide molecules occupy bridging positions between two 14-electron transition metal tetracarbonyl fragments. We report here the synthesis and the structure of [(CO) 4 Mo(Et 4 Sb 2 )] 2 (1), a cyclic complex with the tetraethyl distibane ligand and of a complex with distibane and distibane oxide ligands (2) .
Results and Discussion
[(CO) 4 [5] instead of a cyclic dimer.
Compound 1 is a yellow crystalline compound, soluble in organic solvents and sensitive to air. The complex was characterized by spectroscopic methods and X-ray crystallography. The 1 H NMR spectrum at 200 MHz in C 6 D 6 contains a triplet signal for the methyl groups (δ = 1.23 ppm) and broad multiplet signals (δ = 1.71 -1.84 ppm) for the diasterotopic protons of the methylene groups. The signals of complex 1 are considerably shifted from those of the free ligand Et 4 Sb 2 (CH 3 : δ = 1.33 ppm; CH 2 : δ = 1.6 -1.7 ppm) [6] . The 13 C NMR spectrum of 1 contains all the expected signals for the carbon atoms of the ethyl and CO groups. The mass spectrum shows the signals of the molecular ion and characteristic fragments. Three of the expected four signals can be distinguished in the IR spectrum for the ν(CO) streching vibrations of the Mo(CO) 4 groups. The crystal structure of 1 was determined by single-crystal X-ray diffraction. The molecular structure is depicted in Fig. 1 . 4 (Me 2 Sb(SbEt) 2 SbMe 2 )] was present in the product mixture, but attempts to isolate and fully characterize this tetrastibane complex failed [11] . However, analogous complexes are known from our previous work [12, 13] . The formation of 2 can easily be explained by reactions of the components [Cr(nbd)(CO) 4 ], Me 4 Sb 2 and traces of oxygen from the environment which lead to a partial oxidation of the distibane ligands. Complex 2 was characterized by NMR spectroscopy, mass spectrometry and singlecrystal X-ray crystallography. The 1 H NMR spectrum of 2 in C 6 D 6 shows two singlet signals (δ = 0.88, 0.93 ppm) of almost equal intensity for the bridging Me 4 Sb 2 and Me 4 Sb 2 O ligands. These data are different from the value of the known complex with two distibane oxide ligands [(CO) 4 Cr(Me 4 Sb 2 O)] 2 (δ = 1.00 ppm [3] ), which shows up as an impurity in the spectrum. It would be of interest to compare the spectra of 2 and of the known distibane complex [(CO) 4 Cr(Me 4 Sb 2 )] 2 , but no NMR data are available for the latter. The EI mass spectrum of 2 contains an intense peak for the molecular ion and peaks for fragments resulting from the loss of CO groups. Single crystals of 2 were analyzed by X-ray diffraction. The determination of the molecular structure revealed fixed positions for the Cr(CO) 4 groups and pair-wise disordered positions for the carbon and antimony atoms of the distibane and distibane oxide bridges. A model of a molecule selected from the disordered structure of 2 is shown in Fig. 2 . The geometry of the Cr(CO) 4 
Experimental Section
The operations were performed in an inert atmosphere using dry solvents distilled under argon. The NMR spectra were recorded on a Bruker Avance DPX-200 spectrometer operating at 200. 
Formation of 2
Cr(CO) 4 (nbd) (0.4 g, 2 mmol) in 20 mL toluene, 0.5 g (3 mmol) of (EtSb) x in 20 mL toluene and 0.5 g (2 mmol) Note of Me 4 Sb 2 in 10 mL toluene were combined, and the resulting mixture was heated to reflux for 1 h and stirred at ambient temperature for 12 h. Removal of the solvent under reduced pressure, extraction of the oily residue with toluene/petroleum ether (1/1), filtration through a frit covered with Kieselgur, and removal of the solvents gave 0.8 g of a red viscous liquid. Dissolving this product in toluene/petroleum ether and crystallization at −28 • C gave several crystals of 2. 
Crystal structure determinations
Data were collected at 173(2) K on a Siemens P4 diffractometer using Mo K α radiation (λ = 0.71073Å) and corrected for absorption effects using DIFABS [18] . The structures were solved by Direct Methods [19] . Structure solutions and refinements were performed using the WINGX software package [20] .
The antimony atoms in the structure of 1 were found to be disordered over two positions. The refinement was carried out using free variables. The ratio of the disorder components is 0.85 to 0.15. In order to obtain normal C-C bond lengths for the ethyl groups, C5, C6, and C11, C12 were restrained to a value of 1.54Å within a standard uncertainty of 0.02Å.
In order to fix the orientation of the methyl group containing C12, the Sb2···C12 distance was restrained to a value of 3.1Å within a standard uncertainty of 0.02Å. Rigid bond restraints were applied to C5-C6 and C11-C12 bonds. For the C5, C6, C11, and C12 atoms a restraint for the isotropic displacement parameters was applied.
The structure of 2 was refined using free variables for the antimony atoms and for the O4 atom. The center of the molecule is located on a C 2 axis. The crystal structure can be described as composed of the complexes [(CO) 4 4 . The ratio of the disordered components containing antimony and carbon atoms is 0.26 : 0.74. The O4 atom is located on a C 2 axis with a site occupation factor of 0.37. The Sb1-C5 and Sb1A-O4 bonds were the subject of the rigid bond restraint with the standard uncertainty for the anisotropic displacement parameters at 0.1 and 0.5, respectively. For Sb1A-O4 also a restraint for the isotropic displacement parameters was applied. The C4 and C5 atoms were restrained to have an isotropic behavior, approximated with a standard uncertainty of 0.01.
Crystallographic data are summarized in Table 1 . The representations of the molecular structures were created using the DIAMOND software package [21] .
CCDC 830725 and 830726 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
